Sonic hedgehog (Shh) is a vertebrate homologue of the secreted Drosophila protein 1 9 hedgehog, and is expressed by the notochord and the floor plate in the developing 2 0 spinal cord. Shh provides signals relevant for positional information, cell proliferation, 2 1 and possibly cell survival depending on the time and location of the expression. 2 2
promoted neuroepithelial cell proliferation (Fig. 4b) , while in stage 26 (E6) it had an 1 8 3 inhibitory effect (Fig. 4d, f) . Therefore, we speculated that Shh not only affects the 1 8 4 proliferation of neural precursor cells but also their differentiation. It is possible that, 1 8 5 in response to Shh misexpression in early stages of embryonic development, neural 1 8 6 precursor cells were induced to differentiate into nerve cells therefore losing their 1 8 7 ability to proliferate, which is why the number of proliferating cells was significantly Shh affects not only the differentiation and proliferation of ventral cells, but also the 1 9 3 expression of dorsal genes during chicken embryonic development. The expression of 1 9 4 the nuclear proteins Pax3 and Pax7 was therefore investigated. The results showed 1 9 5 that Pax3 expression was inhibited at the side of Shh overexpression position 1 9 6 compared to the control, non-transfected, side ( Fig. 5A -F, arrow), which suggests that 1 9 7 early expression of Shh inhibits Pax3 expression. However, no differences in the 1 9 8 expression between the two sides of the spinal cord were observed in the control 1 9 9 group (Fig. 5G-L) . Further, the mean optical density ratios of the experimental 2 0 0 (transfection) side to the control (no transfection) side were analyzed (Fig. 5a ). Cell 2 0 1 numbers in the control group were significantly (p<0.01) higher than those in the Shh 2 0 2 overexpression group (Fig. 5 b) . Pax7 expression was also inhibited at the side with 2 0 3
Shh overexpression position compared to the control non-transfected side ( versus non-transfected side in the control group (Fig. 5S-X) . The numbers of 2 0 6
Pax7-positive cells in the control group were significantly (p<0.01) higher than in the 2 0 7
Shh overexpression group (Fig. 5c) . Additionally, the percentage of commissural 2 0 8 axons projecting to the contralateral side in the Shh overexpression group was 2 0 9 significantly lower in comparison to the control (Fig. 5d, To assess the morphological changes that are induced by shh overexpression along the 2 1 3 transfected spinal cords, the rostro-caudal series of sections were obtained. These 2 1 4 series sections result confirmed that the shh overexpression perturbed axon 2 1 5 projections (Fig 6) . The shh overexpression lead to commissural axons projecting to 2 1 6 the contralateral side weak mlc and almost no ilc (Fig. 6A-G , 1996) . Shh is a secreted protein that mediates signaling activities in the 2 2 5 notochord and the floor plate (Patten and Placzek, 2000) . One of early functions of the 2 2 6 notochord is to induce differentiation of ventral cell types, such as floor plate cells 2 2 7
and motor neurons in the overlying neural ectoderm (Chiang et al., 1996) . Shh is 2 2 8 considered to play an important role during spinal cord development (Martí et al., 2 2 9 1995), given its predominant expression in the notochord and floor plate during 2 3 0 embryo development. In this study, we demonstrate that the overexpression of Shh Our results show that Shh overexpression affects the expression pattern of MAP-2.
The abnormal pattern of MAP-2 expression was not due to the inhibition by Shh, but 2 3 5 to the effect of Shh on the migration of motor neurons, preventing them from reaching 2 3 6 their positions within the motor column accurately. In order to confirm these results, 2 3 7
MNR2 labeling was performed to precisely identify motor neurons. The results 2 3 8
showed that, in the Shh overexpression group, the transfected side showed a deficit in JingHong, China) were incubated at 37.8 °C and 65% humidity. The Hamburger and 3 1 4
Hamilton (Hamburger V and Hamilton HL, 1992) system was used to stage the 3 1 5 embryos. The embryos were studied at stage 18 (E2.5) to stage 29 (E6), with at least 3 1 6 three embryos at each stage. In ovo electroporation 3 1 8
The Shh overexpression plasmid was a gift by Redies (Prof. Christoph Redies， 3 1 9
Institute of Anatomy I, Jena University Hospital, Teichgraben 7, D-07743 Jena, 3 2 0 Germany). The plasmid pCAGGS-GFP (green fluorescent protein) was derived by our 3 2 1 laboratory. All plasmids used were extracted with a kit (Cwbio, Beijing. China) and The in ovo electroporation protocol was modified from our previous publications 3 2 4 (Luo et al., 2006; Yang et al., 2015; Lin et al., 2016) . A stereomicroscope was used in 3 2 5 all the steps of the procedure. In brief, fertilized eggs were incubated until stage 18 3 2 6 (E2.5). Then, 3-4 mL of albumin was removed from the egg without disrupting the 3 2 7
yolk. Further, an incision into the shell was performed carefully using a pair of curved 3 2 8
scissors to obtain a 1-2-cm diameter window without touching the embryo. A mixture 3 2 9 of 4 µg/µL of pCAGGS-Shh, 0.25 µg/µL of pCAGGS-GFP plasmid, and Fast Green Green dye (0.01%), were injected and loaded into the neural tube lumen using a 3 3 2 mouth pipette until the dye filled the entire space. The electrodes were then 3 3 3 immediately placed on both sides of the embryonic neural tube in parallel. A total of 3 3 4 six 18-volt pulses, which lasted for 60 ms, with a pause of 100 ms between each pulse, 3 3 5 were delivered. Bubbles near the electrodes indicated that the technique was 3 3 6 successfully performed. After the electroporation (CUY-21, Nepa Gene, Japan), the 3 3 7 electrodes were carefully removed, and the egg was sealed with a tape. The treated 3 3 8 eggs were then placed back in the incubator until they reached the desired stage for 3 3 9 sample collection, fixation, and analysis. For bromodeoxyuridine (BrdU) labeling, 5 3 4 0 μ g/μL of BrdU was added into the embryo 24 hours prior to fixation. incorporated into single-stranded DNA, attached to a protein carrier and free BrdU. The average optical density and area of fluorescence intensity were calculated using 4 3 2
Plus Image-Pro 6 software (Media Cybernetics, USA), and the data were analyzed by 4 3 3
Statistics 17.0 SPSS software (IBM, USA). All data are presented as the mean ± 4 3 4 standard deviation (S.D.), of at least three independent experiments. The significance 4 3 5 of differences among the transfection groups was determined using ANOVA, where 4 3 6 p-value <0.05 was considered as significant. The authors declare no competing financial interests. 
